Abstract. The possibilities to set up the ultraviolet passbands of the systems WBV, UBV &ná the Vilnius system with CCD detectors are investigated. It is shown that the ultraviolet passbands, set up with the standard filters, in the case of some CCDs are very different from the standard passbands. Instrumental color indices obtained with such CCDs cannot be transformed to the standard systems with sufficient accuracy since the transformation equations are non-linear and dependent on luminosity classes and interstellar reddenings. For each CCD, the individual ultraviolet filter should by adjusted.
Introduction
It is known that even small differences in the response functions of ultraviolet passbands lead to considerable difficulties in the transformation of color indices to the standard system. This was shown for different photometric systems in a number of publications by the Vilnius astronomers (Straizys 1963 a,b, 1965 , 1977 , 1983 , 1992 , Sviderskiené and Straizys 1970 , Meistas et al. 1975 , Straizys and Bogdanovich 1980 , Kuriliene and Straizys 1987 . These difficulties axe related with nonlinearity of the relations, their dependence on luminosity class, the interstellar reddening and 90 V. Straizys and R. Lazauskaitè sensitivity, precision of photometry and the panoramic character, CCD camera becomes the most popular photometric instrument replacing photomultipliers. The main shortcoming of CCD chips is their low sensitivity in the blue and ultraviolet at A < 400 nm. There are some different methods used to increase the ultraviolet sensitivity: back side illumination, thinning, uv flooding, overcoating by a luminescent material, etc. (Mackay 1986) .
However, in all cases the form of the dependence of the quantum efficiency (QE) curve in the 300 -400 nm range becomes different. For some CCDs the QE(A) curve falls down with decreasing wavelength, for others the curve is almost flat and for the thirds the curve goes up at A < 320 nm. The four typical QE(A) curves collected from diverse manuals are shown in Fig. 1 . Some of these curves mean the detective quantum efficiency instead of the real QE. However, in the case of strong signal there is no large difference.
Naturally, so different CCD sensitivity curves in combination with the same ultraviolet filter will give very different response functions. In the present paper we shall try to find the influence of these effects on the transformation relations to the standard color indices containing the ultraviolet. The ultraviolet color indices of three photometric systems, WBVR, UBV and the Vilnius system, will be investigated. Finally, a way is suggested how to overcome the transformation difficulties by choosing different filters for different CCDs.
The method
The most effective method for the determination of interrelations of different ultraviolet-containing color indices is the numerical convolution of the energy distribution functions in the spectra of different types F(A), the response functions of the passbands R( A), the transmission function of the atmosphere p(A) and the transmission function of the interstellar dust r (A):
(D where X are the air masses and x are the dust masses. The response function is formed by the filter transmission function, sensitivity function of a detector and the transmission and reflectivity function of the optical parts of a telescope. The use of energy distribution functions in the spectra of stars of diverse spectral and luminosity classes makes it possible to investigate transformation diagrams for stars with different intrinsic parameters. Variation of the indices x gives the interstellar reddening lines on the diagrams. Variation of the indices X give diagrams for different air masses.
The responce functions
Four quantum efficiency vs. wavelength curves of different form in the ultraviolet are used to represent the existing variety of the CCD responses (Fig. 1) . Since the energy distribution functions in stellar spectra are in energy units per unit wavelength interval, we must transform the QE vs. A curves by the equation
After that the response functions R(A) may be obtained by multiplying the sensitivity 5(A) to the filter transmission and the reflectivity of two aluminized surfaces. The numeral values of the reflectivity were taken from Azusienis and Straizys (1966) . The sources of the filter transmissions will be described in the following sections. We consider that the CCD observations are correctly transformed to outside the atmosphere by using the usual methods in photoelectric photometry.
Results for the WBVR system
The WBVR system is a version of the UBVR system developed by Meistas et al. (1975) and Kornilov et al. (1991) . The second catalogue contains more than 13.5 thousand stars observed in the system. The WBVR system differs from the UBVR system by using a revised response function W of the ultraviolet passband and by a correct transformation to outside the atmosphere.
The synthetic color indices W-V for the response functions of the W passband, corresponding to four different CCDs, were calculated by Equation (1) talcing X = 0, i.e. the observations are transformed to outside the atmosphere. The transmission function of the W filter /(A) was taken from the unpublished measurements of one of the authors (V.S.) and the response function R{A) of the V passband is from Kornilov et al. (1991) . The energy distribution functions F(A) for luminosity V, III and I stars axe taken from Straizys and Sviderskiene (1972) . Additionally, the synthetic color indices W-V and B-V of the standard WBVR system were calculated. The response functions for this were taken from Kornilov et al. (1991) . All color indices are normalized to zero at the AO V spectral type without interstellar reddening.
The differences of (W-V)ccD-(W-V)stand against (B-V) stiiad for the four CCD response functions are plotted in Figs. 2-5. The next conclusions follow from the analysis of these diagrams:
1. The passbands W1 and W2 are too blue in comparison with the standard W passband. The remaining two passbands are very close to the standard but slightly too red. 2. The passband, closest to the standard, is somewhere between W2 and W3, closer to W3.
3. With increasing color equation, the nonlineaxity and luminosity effects also increase. The largest deviations from the linear approximation occur for supergiants and M-type giants.
4. The linear transformation is acceptable only in the case of W3 and W4 responses. In the case of Wl, the nonlineaxity is so large that the linear transformation is senseless. In the case of the W2 response, the deviations from the mean line are as large as 0.05 mag.
5. The filters, which in a combination with the sensitivity functions corresponding to different CCDs would give the standard W response function, are shown in Fig. 6 . The conclusion is that for the "blue" CCDs No.l and No.2 the filters should be much "redder" than the standard. For the "red" CCD No.4, the filter should be "bluer" than the standard. 
Results for the UBV system
The synthetic color indices U-V for the response functions of the U passband, corresponding to four different CCDs, were calculated by Equation (1) taking X = 0. The transmission function of the U filter /(A) was obtained from the response function R(A) taken from Straizys (1992) , dividing it by a sensitivity function s(A) of the RCA 1P21 (S4) photomultiplier taken from the RCA Photomultipliers Manual (1975) . The filter transmission includes the mean transmission of the atmosphere at the zenith since the observed U-B color indices are not reduced properly outside the atmosphere (see Section 2). The synthetic color indices U-V and B-V of the standard UBV system are calculated with the response functions Up, Bp. B and V taken from Straizys (1992) . The energy distribution functions axe from Straizys and Sviderskiene (1972) . All color indices are normalized to zero at the AO V spectral type without interstellar reddening.
The differences of (i7-V r )ccD-(^-^)stand against (B-V) stin d for the response functions for the four CCDs are plotted in Figs. 7-10 . The next conclusions can be made from analysis of these figures:
1. All the CCD passbands are too red in comparison with the standard U passband. The closest to the standard response is the U1 response having almost a flat sensitivity function.
2. The transformation of (U-V)CCD, realized with the CCDs whose sensitivity functions in the ultraviolet go down with the decreasing A , to the standard U-V is practically impossible (Figs.   8-10 ).
3. These CCDs with the "red" sensitivity functions need much bluer ultraviolet filters to realize the standard U response function (Fig. 11) .
Results for the Vilnius system
The synthetic color indices (U-V)vn of the Vilnius system at X = 0 were calculated for different CCDs by taking the J7(Vil) filter transmission function /(A) and the V(Vil) response function R(A) from Straizys and Zdanavicius (1970) . The response functions of the standard [/(Vil) and V(Vil) passbands for the calculation of (U-V)vn were taken from the same source. All color indices were normalized to zero for an unreddened O-type star, according to definition of the Vilnius system.
The differences of (U-V)vi\ccD-(U-V)vn S TA.ND against B-V of the UBV system for the response functions for the four CCDs are plotted in Figs. 12-15 . The CCD No.l is too "blue" and Nos.3 and 4 are too "red". The CCD No.2 is almost ideal for the realization of the U bandpass of the Vilnius system, if the standard U filter is used. The filters for other CCDs are shown in Fig. 16 .
Since the responce function of the Vilnius system is almost completely beyond the Balmer jump, the transformation equations between color indices (U-V) CCD and (£7-V)viistand are almost linear and the reddening line is close to to the intrinsic sequences. This makes transformation of the ultraviolet color indices of the Vilnius system much easier than of W-V or (U-V)UBV•
Conclusions
The ultraviolet response functions of broad-band and mediumband photometric systems are strongly dependent on the sensitivity (or the quantum efficiency) function of the CCD chip used to set up the system. This is shown for the ultraviolet passbands of the WBVR, UBV and Vilnius photometric systems. For each system, the optimum form of the CCD sensitivity function exists if standard filters are in use. With increasing differences of the ultraviolet response functions from the standard response function, color indices show increasing color equations and increasing nonlinearity and luminosity effects. As a result, the transformation of CCD color indices to the standard system become impossible. To avoid these effects, different ultraviolet filters should be used with different CCDs.
On the other hand, the atmosphere makes strong and variable effects on color indices containing the ultraviolet magnitudes. One should not use out-of-atmospheric color indices of standard stars for the reduction of the CCD color indices observed through the atmosphere. Before this, one must transform the ultraviolet CCD magnitudes to outside the atmosphere by applying the extinction coefficients which are dependent on luminosity and interstellar reddening of the transformable stars.
Recommendations concerning the transformation of CCD observations to outside the atmosphere will be subject of our next paper.
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